Begonia semperflorens Link et Otto has been broadly raised up for ornamental purpose as well comestible blossom. As the reproductive structures of phanerogams, flowers contain various secondary metabolites and have many biological activities. Accordingly, we began the contrivance for isolation and analysis of flavonoids contained in B. semperflorens flowers. MeOH extraction of B. semperflorens followed solvent fractionation was prosecuted. Column chromatography of non-polar fraction gave four flavonoids using several resins. Identification of the flavonols were established as quercetin (1), kaempferol (2), astragalin (3), and isoquercetin (4) by interpreting a variety of spectral information. Quercetin (1) and kaempferol (2) inhibited NO production and protected against t-BHP-induced oxidative stress. Kaempferol (2) also protected cell death of glutamate-treated HT22. Quantitative analysis of flavonoid content in B. semperflorens flowers was also performed using HPLC experiment.
Introduction
A flower, as the reproductive organ of a plant, is pollinated by insects, water, and wind and produces various secondary metabolites, including volatiles, pigments, and flavonoids, for alluring pollinating insects as well definite pollination. Pollinators, especially insects, are attracted by floral colors and scents. Volatile compounds have been suggested as the main drivers of visitation decisions by pollinators [1] [2] [3] . Many flowers have UV patterns that are specifically visible to insects, and UV-absorbing pigments concentrated in the center of the flower increase its attractiveness [4] .
Flowers have been used as ornamental plants for thousands of years because of their flavors, colors, and pleasing shapes. However, many flowers are also used as food ingredients. KFDA acknowledges approximately twenty edible flowers including pansies (Viola tricolor), jasmine (Jasminum polyanthum), camellia (Camellia japonica), peaches (Prunus persica), geranium (Pelargonium inquinans), and begonias (Begonia semperflorens). These flowers include a variety of active components showing anti-inflammatory [5] , antioxidant [6] , antibacterial [7] , and NO-inhibition effects [8] . In addition, the Rural Development Administration (RDA) reported that edible flowers contain a 10-fold higher concentration of antioxidant constituents compared to vegetables and fruits. Among the edible flowers, B. semperflorens has a high content of total polyphenols and flavonoids, and NMR and MS analyses have shown it to contain anthocyanins [9, 10] . Therefore, the flowers of B. semperflorens were also expected to contain polyphenols and flavonoids.
B. semperflorens (Begoniaceae), native to Brazil, is broadly raised in tropical wetlands areas. This plant is in height by 15-45 cm with broad oval-shaped leaves, and its flowers bloom throughout the growing season until frost. As mentioned above, NMR and MS analyses of B. semperflorens flowers have shown the presence of acylated anthocyanins [11] . The anthocyanin cyanidin 3-(2 G -xylosylrutinoside) was also reported from the leaves of this plant [12] . Anthocyanins provide photoprotection under stressful conditions [9] .
In this study, four flavonoids were isolated from B. semperflorens flowers using extraction, fractionation as well repeated chromatography. The flavonoids were identified using spectroscopic methods, NMR, IR, MS. The flavonoids were quantitatively analyzed through HPLC experiment. And antioxidant, hepatoprotective, and neuroprotective effects of the flavonoids were then assessed.
Materials and methods

Plant materials
Begonia semperflorens flowers were acquired in Busan flower plantation, Korea, 2017, and Dr. D.G. Kim of Woosuk University, Jeonju, Korea identified. A voucher specimen (NPCL-20170716) was deposited at the Natural Products Chemistry Laboratory of Kyung Hee University, Yongin, Korea.
Reagents and instrumentation
The reagents and instruments used in this study were same as those used in the previous study [13] .
Extraction of Begonia semperflorens flowers and isolation of flavonoids
Extraction of the fresh flowers of B. semperflorens (3.0 kg) was executed using 100% methanol (MeOH, 18 L) and 80% aqueous MeOH (27 L × 2) at r.t. for 24 h. The filtrates were evaporated under reduced pressure to yield an alcohol extract (Ext, 58 g). Ext was added to water (H 2 O, 2 L) and successively fractionated with ethyl acetate (EtOAc, 2 L × 2) and n-butanol (n-BuOH, 2 L × 2). The evaporated EtOAc Ext (BSE, 11.2 g) was put in application for SiO 2 column chromatography (CC) ( 1 H-NMR (400 MHz, CD 3 OD, δ H ) and 13 C-NMR (100 MHz, CD 3 OD, δ C ) see Table 1 .
Inhibitory effects on NO production in LPS-induced RAW 264.7
Cell culture of murine macrophage RAW 264.7 cells and measurement of nitrite (NO) production can be referred to literature [14] . Butein was used as a positive control.
Protective effect on cell death of glutamate-treated HT22
Cytoprotective effect was assayed according to the same methods reported in literature [15] . Trolox was used as a positive control.
Protective effect on oxidative stress in treated HepG2 cells by t-BHP
Human hepatoma HepG2 cell culture and Hepatoprotective effect assay was accomplished using the same method reported in the previous study [14] . Curcumin was used as a positive control. The equipment and materials for HPLC analysis were as the followings. An Waters 600S (Milford, MA), a reverse phase column (Waters C 18 , 5 μm, 250 × 4.6 mm). The eluting solvents, aqueous 0.05% trifluoroacetic acid (A) and 100% acetonitrile (B). 0.6 mL/min with gradient of B: 0-5 min, 10-30%; 5-20 min, 30%; 20-23 min, 30-40%; 23-38 min, 40%; 38-43 min, 40-100%. Injection volume, 10 μL. Detection was carried out using a photodiode spectrophotometer at 280 nm. The analysis was repeated three times.
Results and discussion
TLC for alcohol Ext of B. semperflorens flowers revealed yellow spots after spraying with a 10% H 2 SO 4 solution and heating, indicating the presence of flavonoids in the Ext. The Ext was fractionated into EtOAc, n-BuOH, and H 2 O Frs through solvent fractionation. And repeated SiO 2 and ODS CC of EtOAc Fr afforded four flavonoid compounds. All compounds were isolated as yellow crystals and exhibited yellow spots on TLC plate after by same treatment, which led to deduction that they were flavonoids. The UV absorption pattern of the compounds confirmed the above-mentioned ratiocination.
The molecular weight (MW) of 1 was determined to be 302 amu based on the molecular ion peak (MIP) (C-7) ; one conjugated ketone carbon signal at δ C 177.12 (C-4) suggested that 1 was a flavonol. 1 was identified to be quercetin through intensive analysis of 2D-NMR (i.e., gHSQC and gHMBC) data as well comparison of the spectroscopic data with reported literature [16] .
2 showed very similar NMR signals to those of 1 with the exception of the B-ring structure. The PMR signals + at m/z 449 in FABMS spectra, which was 162 amu more than that of 2. The β-glucopyranose was revealed to be linked to the 3-OH in the C-ring from the cross-peak between the anomeric PMR signal at δ + at m/z 465 in pFABMS spectrum, which was 162 amu more than that of 1. The 3-OH linkage of the β-glucopyranose was determined from the cross-peak between the anomeric PMR signal at δ H 5.22 (d, 7.2, H-1″) and an oxygenated olefin quaternary CMR signal at δ C 135.63 (C-3) in the gHMBC spectrum. 4 was identified to be quercetin 3-O-β-dglucopyranoside, isoquercetin. This study is the first report for isolation of the flavonoids from B. semperflorens flowers.
Inhibitory effects on NO production in RAW 264.7 treated by LPS 1 and 2 were estimated for inhibition effect against NO generation in LPS-treated RAW 264.7. LPS-stimulated macrophages were treated with each compound (1: 1, 5, 10, or 20 µM; 2: 5, 10, 20, or 40 μM). As can be seen in Fig. 1, 1 and 2 dose-dependently suppressed NO production in RAW 264.7. 1 and 2 showed slightly lower effect than butein. IC 50 value of 1 and 2 was respectively estimated as 84.79 and 80.87 μM. Previous studies have also reported the suppressive activity of 1 and 2 on NO generation. Naturally occurring flavonoids are known to modulate various inflammatory and immune processes. Genistein inhibits NO synthase expression and NO generation with IC 50 value, 26.8 μM [17] .
Neuroprotective effects against glutamate-induced cell death in HT22
1-4 were investigated for their protective effects against glutamate-induced cell death in HT22 cells. Glutamatestimulated HT-22 cells were treated with the compounds and trolox (100 μM). As shown in Fig. 2, 2 showed considerable protection (99.1%) against glutamate-induced toxicity at the low concentration at 80 μM, which was a higher protective effect than trolox (82.0%, 100 μM). The EC 50 value of 2 was 19.95 μM. A previous study reported that 2 (100 μM) protected HT22 cells against glutamateinduced cytotoxicity by 62.4 ± 2.8% [18] .
Hepatoprotective activity against oxidative stress in t-BHP-induced HepG2
To examine the protective effect against t-BHP-induced oxidative stress in HepG2, the cells were treated with 1 and 2 (1: 5, 10, 20, or 40 µM; 2: 10, 20, 40, or 80 μM) or curcumin (20 μM). As shown in Fig. 3, 1 and 2 showed high protective effects (86.5 and 78.7%, respectively) against t-BHP-induced cytotoxicity at a concentration of 20 μM, which was almost the same as that of the positive control, curcumin. EC 50 value of 1 and 2 was calculated to be 1.019 and 5.321 μM, respectively. A previous study also reported 1 to show protective effect against t-BHPinduced oxidative stress [19] .
Many flavonoids have been shown to have various pharmacological activities. Quercetin (1) is effective against inflammation, arteriosclerosis, bleeding, allergies, and swelling [10, 20] . Kaempferol (2) has antidiabetic [21] and antioxidant as well as anticancer [22] activities. Astragalin (3) exhibits antioxidant [23] , anti-HIV [24] , and anti-allergen [25] activities, and isoquercetin (4) shows antioxidant [26] , anti-inflammatory [27], and antitumor [28] activities. Compounds 1 and 2 were proved to have anti-inflammatory, neuroprotective, and hepatoprotective effects through our experiments and previous studies as well. The compounds are sure to have potential to be developed as new drugs.
Quantitative HPLC analysis of the flavonoids in Begonia semperflorens flowers
Using HPLC, each flavonoid peak was clearly separated and identified through comparison of the retention time with those of the standards (Fig. 4) 
